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Introduction:
Current suicide risk assessments have inadequate short-term predictive power (1). Therefore, suicide risk
assessment based on neuroimaging methods such as EEG may improve prevention efforts. EEG is a relatively
cost-effective, accessible and time-ef cient brain-imaging tool, which has been applied for both diagnostics and
treatment of neuropsychiatric disorders. Nevertheless, research investigating the potential of EEG for suicide risk
assessment is surprisingly scarce. The current study contrasted broadband (2 Hz – 100 Hz) resting state EEG in
patients with major depressive disorder (MDD), including suicide attempters, suicide ideators and MDD patients
with a low suicide risk. The aim of this data driven EEG study was to investigate whether MDD patients with
either a recent suicide attempt or suicidal ideation have unique spatial-frequency power characteristics when
compared to MDD patients without suicidal ideation or a history of suicide attempts.
Methods:
Suicide risk was assessed using the Mini-International Neuropsychiatric Interview. We de ned three distinct
groups based upon suicide risk: a) MDD's who attempted suicide within the previous 30 days (N = 19) b) MDD's
with only suicidal ideation (SI) (N = 36) and c) MDD's without a history of SI and suicide attempts (N = 23). The
EEG eyes closed resting state was recorded for 2 minutes by means of a 26-channel 10-20 system Quikcap. The
primary EEG analysis was performed in MATLAB. Current source density (CSD) was applied to all of the data
using the spherical spline approach. Frequency decomposition was achieved through complex Morlet wavelet
convolution. The wavelets' frequency spectrum was logarithmically distributed in 40 increments ranging from 2
Hz – 100 Hz. The number of wavelet cycles was adjusted as a function of frequency (i.e. 3 cycles for the lowest
frequency and 10 cycles for the highest frequency). Cluster-based permutation tests were applied for statistical
evaluation to control for the family wise error rate (2, 3). Since the current study used resting state data and
focused on localizing power differences on topographical maps, the data was collapsed over the time dimension.
Therefore, the cluster-based thresholding was applied on the spatial- (i.e. electrode grid) frequency dimension
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using EEGlab's topoplot function. This resulted in a cylinder of data, comprising of 40 stacked slices (i.e. the
number of frequency bins), in which each slice represents a cluster-thresholded and frequency-speci c
topographical plot. Lastly, eLORETA (4) was employed to localize frequency differences between the study
groups.
Results:
The EEG spatial-frequency analysis revealed signi cant bilateral hypoactivation localized at the frontal electrodes
within the beta- (15 Hz – 30 Hz) and low gamma (31 Hz – 60 Hz) band for both the attempter- and ideator groups
when compared to the control group. Ideators also showed bilateral hyperactivation localized at the posterior
electrodes within the alpha band (9 Hz – 13 Hz) and left hyperactivation localized at the occipital electrodes
within the high beta- (25 Hz – 30 Hz) and low gamma band. When contrasting attempters with ideators, the
analysis revealed right temporal hypoactivation within the high beta- and low gamma band. In addition, eLORETA
localized attempter and ideator frontal hypoactivation within the orbitofrontal, the medial, middle, superior, and
inferior frontal areas, and the anterior cingulate cortex. Attempter right temporal hypoactivation was localized
within the right inferior, middle, superior temporal cortices, and the fusiform gyrus.
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Conclusions:
Frequency power characteristics of attempters and ideators are consistent with  ndings from the neuroimaging
literature concerning suicide (i.e. the involvement of orbitofrontal areas and the right temporal gyrus in suicide
attempters (5-7)), implying EEG resting state assessment could become a potential biomarker to predict suicide
risk.
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